Summary
Nine patients with aberrations i n development and placement of the eyes and periocular structures who also had serious defects i n central nervous system development were evaluated i n order to better understand normal ocular development. Included were an incompletely developed twin stillborn infant who lacked both eyes and the nose, a stillborn infant with cyclopia hypognathia. 6 spontaneous abortuses with varying degrees of holoprosencephaly, and a 17-year-old male with a serious defect i n central nervous system development whose right eye was positioned laterally above the right ear. I n all cases, evidence indicates that orbital and Data from both animal and human studies have suggested that these structures are to a great extent independently derived (3, 6) . The purpose of this report is to present evidence from nine patients with aberrations in development and placement of their eyes that orbital and periocular structures are determined by the optic vesicle. a neural organ which is an outpouching of the forebrain.
PATIENTS AND METHODS OF INVESTIGATION
Details relative to development of the ocular, orbital. and periocular structures are presented below and are documented in Figures I to 8. structures are determined by the underlying optic vesicle rather than independently derived as has been suggested by previous studies.
Speculation
The intimate developmental relationship between the forebrain and structures of the upper face suggests that alterations of periocular and bony orbital structure and placement may well reflect defects i n underlying brain development.
The developmental relationship between the eye, the periocular structures. and the bony orbit has not been completely understood.
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PATIENT I (FIG. I ) This stillborn female twin was delivered after a gestation of 22 weeks. The face of the child was not developed. Both eyes and the nose were absent. The mouth was represented by a n irregular transverse cleft. There were two small skin tags measuring 4 and 3 mm on the left and right sides of the head, respectively, presumably denoting the external ears. Figure 3 . The left cornea was larger than the ngh!. The two opt~c nerves were fused into a singje midline structure directed posteriorly From the globe at the point where the two eyes were fused. Radiographs o f the skull demons~rated a single midline bony orbit and a s~ngle optic foramen (Fig. 4) . Computerized axla1 tornograms confirmed the presence of a sengle orbit and oullined the course cart he sintrle.
centrally locaied opilc nerve. The forebrain was comprised 2 a holosphere which lacked dividing structures and olFactory bulbs. There was a large median dorsal cyst lying between the hotosphere and the cerebellum. This patient, previously reported by Peterson et al. (7) , is a 17-year-old white male whose structural defects are confined to the craniofacial area. All of the defects were present at birth. The left side of the face is clinically normal; however, the structures of the right side are markedly distorted. The right eye is positioned above the right ear on the lateral aspect of the head. The globe is not palpable; however, a palpebral fissure is represented by a round opening measuring 2 mm in diameter. A clump of eyelashes protrudes from the palpebral fissure. Contraction of the area directly surrounding the opening occurs when the clinically normal left palpebral fissure is forcefully and voluntarily closed. Tears flow from the opening. The eyebrow conforms in position to the superior rim of a small bony orbit. The anterior calvaria is markedly asymmetric as a result of bony overgrowth of the right forehead and hypoplasia of the right maxilla. The right nostril is absent; however, there is a 5-x 6-mm elevated skin tag 2 cm superior to the corner of the mouth on the right. There is a line of hair, similar to a n eyebrow which conforms in position to a bony ridge and marks the inferior extension of the forehead on the right side. Radiographs of the skull demonstrate bony overgrowth-of the right forehead. slight lateral diselacement of the left orbit and " -a small right orbit on the side of the head conforming in position to the rudimentary ocular structures. A computerized axial tomogram of the head reveals an asymmetric skull involving primarily the frontal, sphenoidal, and ethmoidal complex. Underlying the left orbit, there is a large sphenoidalethmoidal. air-filled sinus. Within the small right orbit, which is eccentrically placed, there is an abnormal globe (Fig. 8) . The osseous anomaly is accompanied by a brain parenchymal defect characterized by an asymmetric ventricular system and a large, low-density image in the right hemisphere suggestive of schizencephaly.
PATIENTS 3 TliROU(iH

DISCUSSION
The combined observations in these nine patients suggest that the periocular and bony orbital structures depend for their normal development on the early position and development of the underlying optic vesicle. Evidence supportive of this conclusion is as follows.
In patient I, who had a serious defect in brain development assoc(ated with a complete lack of normal ocular structures both grossly and microscopically, there was a corresponding lack of any bony orbital or periocular structures. Cesare Taruffi, in his classic "Storia della Teratologia" published in 189 1 ( 12). reviewed cases of 7 additional patients with similar alterations in development of the face and brain. He was the first to suggest that the facial abnormalities, including the absence of orbital and periocular structures, were secondary to aplasia of the anterior and medial brain.
In patient 2, who had fused eyes and a single fused optic nerve, there was a single bony orbit, a single optic foramen, and a single palpebral fissure. In addition, there was marked alteration in the position, origin, and insertion of the extrinsic ocular muscles. The abnormal position of the muscles conformed to the structure of both the eyes and the single bony orbit. This is consistent with the hypothesis that the position of the extrinsic ocular muscles is determined by and dependent upon the developmental relationship between the optic vesicle and adjacent mesoderm. Because there was no medial orbital wall. the inferior oblique muscles. which normally attach to the outer medial rim of the floor of the bony orbit. had no place to attach. and in this case, were displaced onto a midline mass of muscle connected to the inferior aspect of the globe (Fig. 3) . This mass of muscle is believed to consist of the medial recti and the right inferior rectus. The former were displaced inferiorly because of lack of medial eyeball structures on which to insert.
The extrinsic ocular muscles have been dissected in at least nine additional patients with varying degrees of holoprosencephaly (4. 13) . Although there has been marked inconsistency in the placement of the individual muscles from patient to patient, it is interesting to note that. in general, a situation similar to that seen in patient 2 has been observed. The muscles innervated by cranial nerve 111 tend to be fused (superior. medial, and inferior recti and inferior oblique). whereas those innervated by cranial nerves IV and VI tend to be separate (superior oblique and lateral rectus. respectively).
Neurohistologic evaluation of the six spontaneous abortuses with varying degrees of holoprosencephaly, patients 3 through 8, gives further evidence that orbital and periocular structures are determined by the development of the optic vesicles. In each of these specimens, an early mesenchymal condensation, the forerunner of the bony orbit and extrinsic ocular muscles. was noted in proximity to the altered position of the developing ocular tissues rather than more laterally as would be anticipated if the mesodermally derived orbital and periocular structures developed independently.
In patient 9 . the orbital and periocular structures on the right side were above the right ear. The palpebral fissure and bony orbit were small and conformed to the ectopic position of the globe. Ability to contract the area immediately surrounding the rudimentary right eye indicates that the orbicularis oculi muscle and its motor innervation are also determined by the position of the optic vesicle.
The interpretation that the orbital and periocular structures depend on the underlying optic vesicle for normal development and position contradicts the theory set forth by both Mann (6) and Duke-Elder (3) . contending that the bony orbit and periocular structures are for the most part self-determined. Evidence for that theory was drawn primarily from evaluation of patients with clinical anophthalmia who had relatively normal periocular and bony orbital structures. However. the majority of cases used to support the hypothesis of independent development did not include microscopic examination of the orbits, and microphthalmia was not excluded. Of those cases in which anophthalmia was demonstrated histologically, evaluation of at least two indicated that the optic vesicle had initially formed and, therefore. could have initiated development of the periocular and bony orbital structures (8, 9) .
Extirpation and grafting experiments on the eye of chick embryos in addition to studies of an anophthalmic strain of mice have also been used to illustrate the independent development of the orbital and periocular structures (10. I I). In the extirpation experiments, either one or both primary optic vesicles were removed at the 10 to 12 somite stages. Examination of the embryos at a later stage of development revealed that the orbits and certain other juxtaorbital structures were reduced in size but were clearly present. Although that study has been used to support the concept of independent development. the presence of the primary optic I.
A Iiig. 7. Patlent 9. The right eye is posltloned above the right ear. The palpebral fissure on that side is short with eyelashes protruding from it. Above 11. there is an eyebrow conforming in position to the superior rim of a small bony orbit. The forehead on the right protrudes anteriorly, the right nostril 1s absent. and there IS a line of hair slmllar to an eyebrow which marks the inferior extension of the forehead on the right side. FIE. 8 . C'omputerized axial tomography from patient 9. Arrow, small laterally placed right bony orbit. Note within it the abnormal globe. The asymmetry of the anterior calvaria is due to bony overgrowth in that area.
vesicle early in development most probably provided the stimulus of ocular structures in the mice as late as 13 days gestation, a time for subsequent differentiation of orbital and periocular structures.
when periocular mesodermal condensation has already comIn the study of an anophthalmic strain of mice, serial histologic menced (I). This suggests that the development and position of studies at various stages of development demonstrate the presence the orbital and periocular structures in those animals noted to be anophthalmic at the time of birth were determined by ocular structures that were present when mesenchymal condensation began. Appreciation that normal development and position of the orbital and periocular structures depends upon the position and development of the optic outpouching of the forebrain has potential clinical value because alterations in these structures are readily apparent on the physical examination. The following clinically relevant conclusions seem warranted: (1) the existence of periocular and bony orbital structures implies that the optic vesicle was present at an early stage in development. Clinical anophthalmia in such situations is therefore the result of degeneration rather than aplasia of the optic vesicle; (2) ocular hypotelorism should suggesi a defect in formation of the forebrainas has been previously proposed by DeMyer et al. (2); (3) palpebral fissure length relates to eye size. Short palpebral fissures. as seen in disorders such as the fetal alcohol syndrome 5, are secondary to decreased growth of the eye; (4) because the optic vesicle plays a determining role in the formation of the periocular and bony orbital structures. any alteration in the latter may be a clue to a more basic defect in the underlying eye.
